A wireless pressure sensing bite guard has been developed for monitoring the progress of bruxism (teeth grinding during sleep); as well as for protecting the teeth from damages. For sensing the grinding event effectively in restricted space and hostile environment, a pressure sensitive polymer composite which is safe for intra oral applications has been fabricated and encapsulated into a conventional bite guard. Also encapsulated was a microcontroller-based electronic circuit which was built in-house for data collection and transmission. A low power approach was configured to maximize the working life-time of the device to several months. The device can provide real-time tooth grinding profile through wireless communication. This device is anticipated to be a useful tool for understanding and treating bruxism.
Introduction

Bruxism
It is estimated that about 10% of the population suffer from bruxism. This disease is a movement disorder of masticatory system that results in involuntary grinding of the teeth and the clenching of the jaw during sleep as well as wakefulness [1] [2] [3] . Tooth clenching or grinding during sleep can result in abnormal wear patterns of the occlusal surface, fractures in the teeth, morning headaches and facial muscle pain [4] . The most common method of bruxism management is based on minimizing the abrasion of tooth surfaces by wearing a bite-guard [5, 6] . Currently, there is no definitive clinical diagnostic method for assessing bruxism. Reliable, easy to use devices for longterm continuous monitoring of bruxism are not available.
Bruxism detection and monitoring
Evaluation of existing tooth wear does not provide evidence of current bruxism. Generally, bruxism diagnosis is to monitor masticatory muscle activities by using the surface Electromyography (EMG) [7] [8] [9] .
However, the surface EMG signal is affected by factors such as electrode position, posture and skin resistance. In addition, it is not easy to attach multiple electrodes on the face without causing unease or disrupting sleep. An alternative way to diagnose bruxism is to measure bruxism activity directly in situ using pressure sensitive transducer. Several researchers have measured sleep bruxism activity directly using an intra-oral appliance.
Nishigawa et. al. measured the bite force using straingauge transducer incorporated bite guard. This device was an analogue pressure sensor with electric wires connected out of the mouth during sleep. [10] Takeuchi et. al.
proposed a pressure sensing device by using piezoelectric film-based sensor. However, the nature of piezoelectric transducer has limited the range of force it could sustain.
[11] Despite the number of techniques being developed to detect bruxism, a practical method is still not available to monitor the progress of the symptom.
Wearable splint for real time monitoring of bruxism
In this investigation, we propose a wireless intra oral wearable pressure sensing device which offers continuous monitoring of suspected grinding over a time period to allow the diagnosis of the problem.
The concept envisages a carbon black-polymer composite based pressure sensor integrated into a normal prescription bite-guard. This type of pressure-sensitive composite has been investigated as force sensor [12] [13] [14] [15] .
The main advantages of the proposed sensor are: safe for in-vivo applications, easy to fabricate, chemically and physically stable with high and tunable sensitivity. The proposed device will have all electronic components encapsulated into the body of the bite-guard which will detect and wirelessly transmit in real time the grinding events to a computer. It is envisages that the device will identify patients with an active problem; monitor the progress of the symptom and to access the effectiveness of the treatment.
Due to the remarkable recent development in IC technologies that provides small size, low power microcontrollers and RF communication technologies; it has made the development of wearable sensing devices feasible [16, 17] . The conceptual drawing of the proposed device is shown in Figure 1 . 
Experimental
The configuration of the proposed system used for monitoring bruxism activities is shown in Figure 2 . It is composed of three modules: (1) A pressure sensor with (2) microcontroller and wireless transmitter module incorporated within a bite guard and (3) a separate RF receiver module which is connected through USB to the host computer for logging data. The receiver module was designed and fabricated using radio frequency receiver module (rfRXD420) and microcontroller (PIC12F675) from Micro Chip Inc. The microcontroller detects radio signal using interrupt routine and checks received data for errors. And the receiver module sends one byte containing sensor ID and a second byte containing data to the PC through the USB cable at 9600 baud rate and this module is powered by PC through USB 5V supply. load-displacement test of sensor under acrylic cover.
As expected, to achieve specific displacement, higher force was required to bend thicker acrylic cover. As the resistance observed from the bare sensor was a result of compression, therefore, the sensor could serve as a transducer for the displacement of the acrylic cover induced by applied force. Hence, the observed sensitivity would be governed by the modulus of elasticity of the cover material. Based on this, the detection range could be tuned by different cover material. Figure 8 with the press head located at the center of the cover.
When the pressing position was shifted 4mm from the center of the cover, the response range was greatly reduced as shown in Figure 10(b) . However, the sensitivity was still sufficient to capture the compression event. In practice, it is not possible to control the point of contact during a tooth grinding event; our data have shown that the proposed device is sensitive enough to capture very mild grinding. As bruxism is characterized by both the force and the duration of the contact; this device is able to record these parameters in real time with high precision. Although we have not perform trials with human at this stage, the results have shown good promise for diagnosing and monitoring bruxism.
Conclusions
A wireless pressure sensing bite guard has been developed for monitoring the progress of bruxism. The performance of the device appears to be an excellent methodology for diagnosing and monitoring bruxism.
